where 0 oc ~ ~ and L~ (q, C2 ((RNB~ 0 ~~ ~ R, R) is aT-periodic function in t such that
For oc E ( l, 2], we prove the existence of a non-collision solution of (HS).
For 1], we prove that the generalized solution of(HS), which is introduced in [BR] , enters the singularity 0 at most one time in its period. Our argument depends on a minimax argument due to [BR] and an estimate of Morse index of corresponding functional, which will be obtained via re-scaling argument.
INTRODUCTION
We study the existence of T-periodic V (q, t) satisfies the strong force condition (SF) of Gordon [Go] : (SF) there is a neighborhood Q of 0 in RN and a function R) such that the functional I (q) satisfies the Palais-Smale compactness condition and we can apply minimax arguments to I (q). Especially under the assumptions of (SF) and Bahri and Rabinowitz [BR] introduced a minimax method and obtained the existence of classical solutions (non-collision solutions) of (HS) . See also [Acl, Grl] . But in case (SF) does not hold, we cannot verify the Palais-Smale compactness condition for I (q) and we cannot apply minimax argument directly to I (q). However, using a suitable approximation argument, Bahri and Rabinowitz [BR] proved the existence of generalized T- periodic solutions, that may enter the singularity 0 (i. e., collision) under the conditions (Vl)-(V3) (without (SF)).
For the study of the existence of non-collision solutions in case of weak forces (i. e., the case where (SF) does not hold), we refer to [AC3] , [DGM] , [DG] , [C] , [ST] . In [AC3] , [DGM] , [DG] , they found critical points of I (q), whose critical values are less than
In [C] , [ST] , they studied (HS) through minimization problems. They studied the behavior of solutions near collisions (especially [ST] studied the Morse index) and they obtained the existence of non-collision solutions.
This work is largely motivated by the works [BR] , [C] , [ST] and we study the existence of non-collision solutions under the weak force condition through minimax problem. We study the following class of weak force potentials; for 0 a 2 we assume the potential V (q, t T-periodic (non-collision) solution.
In case o a _ 1, we cannot show the existence of non-collision solution.
However we can estimate the number of collisions of the generalized T-periodic solutions due to Bahri and Rabinowitz [BR] . More precisely, we get THEOREM 0.2. -Assume N~3, (W 1 )-(W 3), (V2) and Q oc ~ 1. Then (HS) has a generalized T-periodic solution which has at most one collision, i. e., which enters the singularity 0 at most one time in its period T. The existence of a non-collision solution of (HS) will be obtained as follows; first we consider modified functional:
and obtain critical points q~~ of Second, we try to pass to the limit 8 -+ 0. Here we remark IE (q) satisfies the strong force condition (SF) for each E E (0, 1 ] .
The proof of Theorem 0.1 will be given in the following sections; in Section 1, we study the modified functional
We apply the minimax method of Bahri and Rabinowitz [BR] As to the property (1.18), we can obtain it in a similar way to the proof of Theorem A of Tanaka [T] . In [T] , we studied properties of Morse indices of critical values related to the symmetric mountain pass theorem and we got (1.16)-(1.18) for the symmetric mountain pass theorem. See also [BL] , [BenFo] , [Sc] , [V] , [LS] .. The above proposition ensures the existence of approximate solutions qE (t) E A together with uniform estimates (1 . 17) and (1 . 18). We will get a solution of the original problem (HS) as a limit of q~(t) as E -+ 0.
To do so, we study the behavior of critical points of Ig (q) whose critical values and Morse indices are uniformly bounded, that is, we study the behavior of critical points qn (t) E A such that
The following proposition, which is due to Bahri and Rabinowitz [BR] , ensures the existence of convergent subsequence of (q" (t)) and it shows the limit of the subsequence is a generalized solution of (HS). Then there is a subsequence -still denoted by n -and q~ (t) E E such that (i ) qn (t) converges to q ~ (t) weakly in E and strongly in L °°; Remark 1 . 6. -(i) (q£ (t))£ E given in Proposition 1 . 3 satisfies the assumptions of the above proposition.
(ii) q~ (t) is a generalized T-periodic solution of (HS) in the sense of [BR] .
Proof of Proposition 1 . 5. 
